A Study of Phosphorylation of the Measles Membrane Protein
SUMMARY A polypeptide (designated X) which migrates with a mobility similar to the membrane protein (M) of measles virus has been found in virus-infected cells. This polypeptide appears to be phosphorylated. However, limited proteolysis has shown that this protein is not a phosphorylated form of the M protein, but appears related to the P protein of measles virus.
Measles and canine distemper viruses are closely related morbilliviruses and their polypeptides have been investigated extensively in recent years (Wechsler & Fields, 1978; Graves et al., 1978; Vainionp/i/i, 1979; Hall et al., 1980; Campbell et al., 1980) . Some of the reports that have looked at the question of phosphorylation (Robbins & Bussell, 1979; Campbell et aL, 1980) have found the polymerase protein (P) and the nueleocapsid protein (N) to be phosphorylated but not the membrane protein (M). On the other hand, reports by Fujinami & Oldstone (1979) and Hall et al. (1980) suggest that the M protein may be phosphorylated. Fujinami & Oldstone (1979) have shown that the level of phosphorylation of the P and M proteins is modulated by exposure of measles virus-infected cells to sera containing antibodies to virus antigens, and Hall et al. (1980) have detected a canine distemper virus-induced protein with a slightly lower mobility in SDS-polyacrylamide gel electrophoresis than the M protein. Phosphorylation of the M protein has also been invoked as an explanation for the difference in the mobilities of the M proteins of subacute sclerosing panencephalitis (SSPE) viruses (Fujinami & Oldstone, 1979) . During a survey of a variety of measles and canine distemper virus strains we have found that in cells infected with the Schwarz and Hu-2 strains (a recent isolate) of measles virus there is a distinct separation of two bands in the region of the M protein by SDS-PAGE. One of these bands is phosphorylated and, initially, we considered it to be a modified form of the M protein. However, we show here by comparision of the induced proteins by the Cleveland method of limited proteolysis (Cleveland et al., 1977) that the phosphoprotein co-migrating with the M protein is not a modified form of M but is related to the P protein. The mobilities of polypeptides of these two virus strains have been reported earlier . The conditions of infection of Vero cells and labelling with [3~S]methionine or [32p]orthophosphate are as reported by Campbell et al. (1980) . Lysates of Hu-2-infected cells labelled with [35S]methionine or [32p]orthophosphate were analysed on 8 to 15 % polyacrylamide gels as shown in Fig. 1 (a) and 7.5% gels as shown in Fig. l(b, c) . The virus-induced proteins designated L (mol. wt. 180K), H (glycoprotein, mol. wt. 80K), P (mol. wt. 70K), N (phosphorylated, mol. wt. 60K), M and the small protein S (mol. wt. 18K), can be readily discerned. A number of host-specified proteins (I, II, III) were also found to be induced. As these samples were labelled for only 30-rain periods, the second glycoprotein, not detectable in these gels as its uncleaved form (Fo, mol. wt. 60K), co-migrates with the N protein in morbillivirus-infeeted cells (Graves et al., 1978; Campbell et al., 1980) . A further virus-induced protein (designated X), which was not found to co-migrate with any discernible polypeptide in uninfected cells, was found to migrate faster than the M protein of the Hu-2 0022-1317/81/0000-4616 $02.00 © 1981 SGM Short communications strain and with similar, though slightly slower mobility to the M protein of the Schwarz virus strain ( Fig. 1 b, lanes 3 and 4) . In lysates labelled with [32p]orthophosphate the virus-induced labelled bands appeared to co-migrate with the P (occasionally present as a double band), N and X bands, but none of the other virus-induced proteins appeared to be phosphorylated (Fig. 1 c) . In order to determine whether band X represented a phosphorylated form of the M protein, both X and M bands of the Hu-2 virus were excised from gels and subjected to limited proteolysis by Staphylococcus aureus protease VS. The Cleveland (1977) method-produced patterns of M and X bands of the Hu-2 virus (Fig. 2 a) indicated that they were unrelated since only two minor peptides of X co-migrated with any of the eight peptides of the M protein. Similar results were obtained with Schwarz virus proteins although it was difficult to cut out the M and X protein because of their close migration.
In an attempt to identify whether band X was a new, unique virus polypeptide induced in measles virus-infected cells, it was compared by limited proteolysis with the H, M, P and N [ 35S]methionine-labelled proteins in Hu-2 virus-infected cells (Fig. 2 b) . The results obtained with protease V8 indicated that the P and X proteins were related. Three out of four peptides in the protease V8 lysate of the X protein co-migrated with peptides in the proteolysate of the P protein. X did not appear to have any bands in common with the H and M proteins. Since it was possible that some of the [35S]methionine-labelled bands in the proteolysate of X co-migrated with peptides present in the large numbers generated by proteolysis of the N Short communications
Fluorograms of limited proteolysates analysed on 15 % polyacrylamide gels. Fluorography was carried out as described by Bonner & Laskey (1974) . [arotein bands were cut from gels as shown in Fig protein, limited proteolysis was also performed on the P, X and N proteins labelled with [3ZP]orthophosphate. After proteolysis with protease V8 (Fig. 2e) and chymotrypsin ( Fig.  2 d) , X appeared to be related to the P protein and not to the N protein, which is known to be susceptible to proteolytic degradation. Identical results were obtained when the Schwarz virus strain was used. We conclude, therefore, that the X protein is related to the P polypeptide of measles virus and not to the M or N protein. Earlier studies by Robbins & Bussell (1979) and Campbell et al. (1980) , using measles and canine distemper virus respectively, failed to detect the presence of phosphorylated forms of the M protein. However, this report on these two specific virus strains in which the conversion of P to X appears more prominent than in other strains in which we also have detected X although in diminished amounts, points to the danger of assuming that 32p-labelled material in this area of the gel is associated with the M protein. Fujinami & Oldstone (1979) were the first to report phosphorylation of the measles M protein but the results described here would suggest that the observed effect of the addition of virus antiserum may not be the modulation of synthesis and phosphorylation of the P and M proteins, but rather an increase in the conversion of the P to X protein. The possibility that X is a form of P with higher mobility in SDS-PAGE and is synthesized directly in antiserum-treated cells cannot be excluded at present, although its presence in different measles virus isolates in the absence of antiserum does not favour this view. Recently, Chinchar & Portner (1981) described an in vitro proteolytic degradation product of the P protein of Sendai virus, which appeared to have a mol. wt. similar to the X protein of measles virus and which appeared to have retained the activity of the P protein.
